Generation of expressed sequence tags (EST) through partial sequencing of randomly selected cDNA clones is a process widely used to accelerate gene identification in genome projects. This approach for gene identification has been responsible for the rapid growth of public sequence databases and now represents more than half of the sequence records in Genbank (Boguski 1995) . Identification of the gene content of an organism through cDNA analysis has many advantages, in particular the speed, easiness and large scale of the approach. Especially in the human genome initiative, EST sequencing has yielded data on hundreds of thousands of gene fragments, from a wide variety of tissues. The majority of the genome projects on more complex organisms devote at least some part of the effort to EST sequencing, such as is the case with parasite genome projects. An additional advantage to this technically straightforward approach is that potentially interesting new drug targets, vaccine candidates and new antigens can be identified in a short time frame and with limited resources. Moreover, tissue specific or life stage specific gene expression can be analyzed. In addition, ESTs can be used to tag loci on the chromosomal map or on genomic libraries and greatly enhance physical mapping. However, a number of drawbacks should be noted, especially when low quality or non-normalized libraries are used. A few highly expressed messengers are present in high copy number in the library, while intermediately expressed messengers can make up to 50% of the library. Hence, rare messengers, believed to be the most promissing ones in a parasite gene identification project, are hidden like a needle in the hay , Bonaldo et al. 1996 . Through random clone picking and sequencing, one reaches rapidly up to 40% of redundancy with obvious low cost effectiveness (Cooke et al. 1996a ). Various approaches have been tried to minimize this problem, including elimination of abundant genes identified through hybridization of clones with specific probes (Cooke et al. 1996b) , normalization of the cDNA library (Bonaldo et al. 1996) , generation of mini libraries through differential display or arbitrarily primed RT-PCR (Dias Neto et al. 1996 Neto et al. , 1997 ).
Yet another problem turns gene discovery efforts through EST sequencing a difficult task. In general, a fair amount of sequence should be obtained from the protein coding region, to allow for a better probability of gene identification, since such identification is entirely based upon computer similarity analysis using BLASTN, BLASTX or FASTA against the Genbank, EMBL and dbEST databases. However, identification of similarity with a known protein sequence does not necessarily imply an identical or even similar function (Bairoch 1996) . Zhang et al. (1997) reported the identification of EST's using only 9 nt sequences for database screening, however, such screening was done within the human genome project, where a very large number of (EST) sequences are known.
EST's were first generated from human cDNA libraries (Adams et al. 1991 , Boguski, 1995 , but nowadays other organisms, especially parasites such as Schistosoma mansoni, Trypanosoma b. rodhesiense, Leishmania major and Plasmodium falciparum are being subjected to gene identification by EST sequencing (Chakrabarti et al. 1994 , el-Sayed et al. 1995 , Franco et al. 1995 . Thus, as a part of the collaborative effort to sequence the whole genome of T. cruzi clone CL Brener, we initiated the EST sequencing of a T. cruzi epimastigote cDNA library on an ABI 373A sequencer. The single pass sequencing is being performed either by Taq dyeprimer cycle sequencing or T7 dyedeoxi termination on double stranded plasmid DNA. Here we present the analysis of the first 797 sequences so far obtained. An additional 95 ESTs were obtained in Granada, Spain, by A Gonzalez.
MATERIALS AND METHODS
cDNA library construction -Non-normalized and normalized libraries were constructed in the laboratory of Dr Rondinelli and the methods used in their preparation will be published elsewhere.
Plasmid DNA preparation -Clones were randomly selected from LB agar plates and grown overnight in 4 ml LB/ampicilin at 37°C until saturation. Plasmid DNA was extracted by the alkaline lysis method using the Flexiprep kit from Pharmacia. DNA from 90 clones of the non-normalized library were double digested with the enzymes Eco RI and Hind III (New England Biolabs) to evaluate the mean insert size.
Sequencing -The double stranded plasmids were sequenced by Taq dyeprimer cycle sequencing or Sequenase dyedeoxi terminator with primers T7 or M13 reverse in one direction (5'-end) accordingly to protocols supplied by the manufacturer (ABI-Perkin-Elmer) and reactions were loaded on an automated sequencer ABI 373A. At the end of each sequencing run, chromatograms were visually inspected and sequences with poor readings were discarded while useful ones were edited, i.e., vector sequences were removed and the end of the high quality sequence readings was determined. Sequences were then converted do GCG format, and transferred by ftp to our SGI Challenge-L 4xR4400 250MHz server for FASTA similarity searches. Original chromatograms without modifications were also saved.
ESTs are being deposited in dbEST. The following accession numbers have already been allocated: AA399704-AA399708; AA426656-AA426705; AA433291-AA433388; AA441733-AA441781; AA525699-AA525749; AA532113-AA532212; AA532063-AA532112.
RESULTS AND DISCUSSION
EST sequencing on the epimastigote non-normalized library -Ninety clones from the epimastigote non-normalized library were randomly picked and their mean insert size was determined, by restriction digestion, to be around 1 kb, with a minimum of 0,35 Kb and maximum of 3,4 Kb. In total, 267 clones were successfully sequenced using this library, 33% of which resulted in a positive match after FASTA analysis with Genbank/dbEST. Of these, however, 27% and 23%, respectively, represented ribosomal RNA and mitochondrial sequences. The remainder matched with histones, tubulines, heat shock proteins, sialidases and elongation factors (all around 5% of the matches), and ribosomal proteins (13%), as well as 12% with a variety of other genes. In summary, 67% of the sequences did not have similarity in the databases, and of the ones that did, 59% were with genes, previously described for T. cruzi (19.4% of the total). Thus, only 14% of the clones yielded a match with the database, and were not previously described in T. cruzi. The fairly high number of ribosomal RNA sequences in the library probably reflects the fact that the mRNA preparation was purified on oligo-dT cellulose in a single pass, or may indicate that internal priming on poly-A rich stretches in rRNA has occurred.
EST sequencing on the epimastigote normalized library -It was expected that the normalized library, from which abundant expressed gene sequences were removed, would yield better results in relation to the objectives of gene discovery through random sequencing. A total of 530 clones were sequenced thus far, using the same strategy as in the case of the non-normalized library. Only 28% of the sequences showed homology with the nucleotide sequence databases, and of these, 48% were already described in T. cruzi. Ribosomal RNA, mitochondrial sequences and tubulines are present in less than 1% of the total number of clones, however histone genes account for nearly 5%.
The low number of sequences with homology to sequences in the databases, after FASTA analysis, is striking but should not come as a surprise since this phenomenon was observed in all eukaryote genome projects and to a lesser extent in bac-teria. We expect to be able to identify a few more gene sequences after ORF analysis and protein sequence comparison. One could argue that the majority of the sequences obtained would consist of 5'-untranslated sequences, however, the average read length was 350 bp and we expect the average distance from the mini-exon to the ATG start codon to be shorter. Moreover, Andersson (personal communication) found roughly the same value when sequencing ESTs from the 3'-end, and also after ORF analysis on genomic sequences derived from a cosmid. This finding reminds us that most of the biochemical and regulatory pathways in this parasite are still unrecognized and if we take into account its genome size estimation of 0.8-1.0 x 10 8 bp (Cano et al. 1995 ) much more than 6.000 genes, as demonstrated to be present in Saccharomyces cerevisiae (Mewes et al. 1997) , are needed to direct the parasite life cycle.
In this first survey about the gene content of T. cruzi, several new genes could be identified. The list from both libraries comprises: ribosomal proteins L1, L5, L7, L11, L13a, L15, L18, L17, L26, L27a, L28, L34, L35a, L36, S2, S3, S4, S6, S12, S17, S21, S25, UMS (universal minicircle sequence) binding protein, p18 protein (RNA binding protein), TAT binding protein, Jun-binding protein, protein kinase C, human MEK kinase, casein kinase, serine/threonine protein kinase, phosphoglicerate kinase, CDC-2 related protein kinase, phosphomannmutase, ATP synthase, alkylhgydroperoxide reductase, dihydrorotate synthetase, glyceraldehyde 3-phosphate dehydrogenase, pyridine nucleotide linked dehydrogenase, putrescine N-methyltransferase, peptidyl-prolyl isomerase, RAS related protein, cyclophilin, 26S proteasome ATPase subunit, HMG-CoA reductase, bovine antioxidant protein. A full list of the matches, as well as FASTA/BLAST output and the actual sequences can be found on our www pages at www.dbbm.fiocruz.br.
